The current practice of inductively coupled plasma mass spectrometry (ICP-MS) concentrates almost entirely on the use of solution introduction. In the analysis of solid samples, however, the solution method has disadvantages regarding analytical throughput, polyatomic spectral interference, matrix induced signal suppression and low efficiency of solution nebulization. For these reasons, direct methods for the analysis of solid samples are very attractive for ICP-MS analysis. [1] [2] [3] [4] [5] [6] We have recently explored the possibility of a direct analysis of solids by ICP-MS using laser ablation.' The advantages of laser ablation/ ICP-MS are high sensitivity, low background, minimal molecular interference, little or no sample preparation and short analysis time. The present work was aimed at investigating the direct analysis of silicon nitride powders by laser ablation/ ICP-MS. This simple, rapid procedure permits otherwise difficult analyses to be conducted with high sensitivity.
Experimental Apparatus and operating conditions
The ICP-MS instrument used was a Model PlasmaQuad II+EDR (VG Elemental). The operating conditions are shown in Table 1 . There were differences in the ion lens settings for the solution introduction and laser ablation methods. Thus, the ion lenses were set by tuning so as to yield a maximum response for 29Si+ during the ablation of silicon nitride. The ruby laser (Carl Zeiss Jena, 1 J), sample ablation chamber, threeway valve and tubings used were the same as those described in a previous paper.' The laser was operated at maximum energy with a low degree of Q-switching, since the largest possible amount of fine particles was required to achieve satisfactory sensitivity.
Samples
Three silicon nitride standards (R003, R004 and R005) of the Ceramic Society of Japan (CSJ) and one standard (K4699D) of the Electronic Space Products Inc. (ESPI) were used for the investigation.
Nitric acid used was of Supra-pure grade (Kanto Chemical Co. Inc.). Distilled/deionized water was used in this work.
Procedure
About 1.0 g of the powder samples are placed in a ring of polyvinyl chloride and pelletized with a 20 t capacity press to obtain sample discs (thickness 2 mm; diameter 20 mm). Except for pelletizing, no pretreatments are conducted. The sample discs are set in the laser ablation chamber and laser pulses focused on the 1-3 µm) .
The results indicate that the scattering of the silicon nitride powder during laser firing can be avoided if the sample discs are carefully prepared. Produced particles are introduced into the plasma by the flow of argon carrier gas. Data are accumulated in the scanning mode, using the analytical parameters shown in Table 1 . The background values obtained without laser ablation are subtracted from the intensity data.
Results and Discussion
The peak intensities obtained by analyzing the CSJ-R005 standard silicon nitride ranged from 14X103 to 870X103 counts for analyte isotope contents of 0.0032% (24Mg) -0.184% (27A1). The sensitivities of analytes are shown in Table 2 , together with that of 29Si, an isotope of matrix. The sensitivities of the analytes fall within a factor of 3 about that of 29Si. The results indicate that the calculation based on the response ratio to the matrix can provide some semi-quantitative concentration data regarding the samples.
The background levels in the laser ablation/ ICP-MS were compared with those produced in the conventional Table 3 Background equivalent concentrations (BEC) obtained by laser ablation and solution introduction methods a. Assuming a thousand-fold dilution made to give a solids concentration of 0.1% (m/ v). solution introduction method using 0.7 M nitric acid ( Table 3 ). The laser method provided lower BECs (background equivalent concentrations) for all of the elements tested, especially for Fe, owing to the minimal molecular interference and absence of contamination from water and reagents.1'' The relatively high values for Al in both methods are probably due to contamination from the alumina used to polish the sampling cone. Analytical results are given in Table 4 . One standard sample with the highest element concentration was used for the calibration, except for Fe. The calibration curve of Fe was constructed using two standards with lowest and highest concentrations because of molecular interference by the 28Si dieter. As can be seen in Table 4 , the use of 29Si as an internal standard provided better accuracy, detection limits and precision for all of the elements tested. In the internal standard method, most of the analytical results for Mg, Ti and Mn are within the uncertainties of the certified values. The values obtained for the trace concentration of Al were apparently higher than the range of certification or individual determinations, because of the high background for Al (Table 3 ). The determination of Fe in silicon nitrides was inaccurate due to molecular interference by the 28Si dimer and 40Ar160. Another possible explanation for the poor Fe results is contamination from the press used to obtain the sample discs.
